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Philosophy: 
High rate capability to measure rare probes,  

limited acceptance. 
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Fairly well measured 
only ~30% of spin 

A future challenge 

The proton is viewed as being a “bag” of  
bound quarks and gluons interacting via QCD 

Spins + orbital angular momentum need 
to give the observed spin 1/2 of proton   

Beginning to be measured 
at RHIC 
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ALL =
++ +

++
+

+

fa fb

fa fb

ˆ a LL

f: polarized parton distribution functions 

For most RHIC kinematics, gg and qg 

dominate, making ALL for inclusive jets 

and hadrons sensitive to gluon 

polarization.   10   20 30 pT(GeV) 

Partonic fractions in jet 

production at 200 GeV 

0

Longitudinally polarized pp collisions at RHIC 



GRSV curves 
with cone 

radius 0.7 and 
-0.7 <  < 0.9 

0 @ 200 GeV  
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de Florian, Sassot,  

Stratmann, Vogelsang 

PRL 101, 072001(2008) 

g(x) small in current RHIC measured range 

Best fit has a node at x~0.1 

Low-x unconstrained 
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 Nucleon is a complex system
 Sea quarks and gluons correlated 

E866@Fermilab 
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de Florian, Sassot,  

Stratmann, Vogelsang 

PRL 101, 072001(2008) 

RHIC has an opportunity to provide strong 

constraints on the u and d sea 
distributions via the observation of the 

parity-violating single-spin asymmetry AL 
in W production.  This requires running at 

500 GeV with good polarization. 
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Bunce G. et al, hep-ph/0007218

μ+ 

μ- 

 

 



l+ AL
l

=
u (x1)d(x2)(1 cos )2 d(x1)u (x2)(1+ cos )2

u (x1)d(x2)(1 cos )2
+ d(x1)u (x2)(1+ cos )2

AL
l +

=
d (x1)u(x2)(1+ cos )2 u(x1)d (x2)(1 cos )2

d (x1)u(x2)(1+ cos )2
+ u(x1)d (x2)(1 cos )2

                  = lepton angle in partonic c.m.s.
PHENIX can make observations in 

forward, central, and backward rapidity. 

AL
l ±

(W ± l ± )
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pQCD  Proton Structure 
Quark Fragmentation 



8/3/09 Ming Xiong Liu  OCPA06 

Large asymmetries persist at high s 

p  + p  ± + X, s = 62 GeV 

Arsene et al. (BRAHMS), submitted to Phys. 

Rev. Lett. [arXiv:nucl-ex/0801.1078]  

pT=0.5-2.0 GeV/c 
p  + p    + X, s = 20 GeV 

 0: E704, Phys.Lett. B261 (1991) 201. 

 +/-: E704, Phys.Lett. B264 (1991) 462. 

Fermilab, Fixed target, E704, 1991 

RHIC, Brahms, 2007 

s = 20 GeV s = 62 GeV s = 200 GeV 

RHIC, STAR, 2004 

Examples: 

p  + p  0 + X, s = 200 GeV 

Non-Perturbative cross section Perturbative cross section 

(STAR) Phys. Rev. Lett. 92 (2004) 171801 

Gordon AGS/RHIC 2008 
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D meson production dominated by gluon-gluon fusion at RHIC energy 

Sensitive to gluon Sivers effect 

AN measured for muons from D decay (“prompt muons”) 

Smear by decay kinematics 

Anselmino et al, PRD 70, 074025 (2004) 

Gluon Sivers=0 

Quark Sivers=Max 

Gluon Sivers=Max 

Quark Sivers=0 

μ
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neutron 

Large negative SSA discovered for xF>0 

Diffractive physics 

Used for local polarimetry at PHENIX/STAR 



What are the avenues for  

further important  

measurements  
and theoretical developments? 

we have just explored the  

    tip of the iceberg you are here 

Lq,g 

s g 

utot, dtot 

u, d 

spin sum rule 

TMDs 



N. Bohr W. Pauli 
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Extra dbar in proton g.s. 

Sea Quarks Carry Major Orbital Angular Momentum Component? 
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Sea Asymmetry from Drell-Yan Processes 

Towell et al., Phys.Rev. D64 (2001) 052002  

Evidence of Pion Cloud? 

FermiLab/E866



 unpolarised cross sections nicely reproduced in NLO pQCD 

in NLO 

RHIC: many sub-processes with a 

        dominant gluon contribution  
high-pT jet, pion, heavy quark, … 



PHENIX Run6 ( s=200 GeV) 

 

GRSV model: 

“ G = 0”:       G(Q2=1GeV2)=0.1 

“ G = std”:   G(Q2=1GeV2)=0.4 

Statistical uncertainties are 

on level to distinguish “std” 

and “0” scenarios 



 

Generate g(x) curves for different                 

Calculate ALL for each G 

Compare ALL data to curves (produce 2 vs G) 

Syst.  exp. error : ± 0.1

Stat. error : GGRSV
x=[ 0.02,0.3] μ2 = 4GeV2( ) = 0.2 ± 0.1 (1 ) and 0.2 0.8

+0.2 (3 )

G = g(x)dx
0

1



HERMES 

Meson cloud 

QSM 

Separation between extreme models 

enters in NLO global fits  

From Nicole D'Hose (CEA/IRFU Saclay) at CERN “New Opportunities” Workshop 

They can do this in the next few years if approved! 

??? 

Actual RHIC range 


